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Overview: 


Performance reliability and life exoectancy of RF semiconductor devicesare 
inversely related to the device temperature. Reduction in the device temperature 
corespondsto an exponential increase in the reliability and life exoectancy of the 
device 

Lower power consumption, longer battery life 

Lower heath dissipation, smaller amplifier size, weight and heat sink size 

Lower Powersupply and heat sink requirements 

Better Amplifier Lineanty 

LowerCost 

Possibilities to mount amplifier and PSU close to antenna and eliminate cable loss 


Maximum efficiency of a RF power device isa function of frequency, temperature, 
input drive level, load impedance, bias point, device geometry, and intnnsic 
device charactenstics. 

How wella device converts one energy source to another. 

Heath asbyproduct 

Efficiency dependson amplifier class, gain, outout powerand power dissipation. 
Highest efficiency at peak output power PEP, Pldb 


Drain efficiency 


Power added efficiency, PAE 


Drain Efficiency and PAE 


Drain Efficiency and PAE vs. Vds 
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Drain Efficiency and PAE asa function of Vdsfora class 
BLDMOS power amplifier 


Average efficiency nAVG = PoutAVG/PinAVG 


Drain Efficiency and PAE vs. Vds 


» SBT, high collector breakdown voltage, typically operate at 28V, up to 5 GHz 
and up to 1kW pulse applications. Positive temp coefficient, temperature runaway 
>» Vertical RF power MOSFET, 1KW at HF, hundreds of Watts at VHF. 
Typically operate at 12V, 28V or 50V, and some at >100V 
» LDMOS UHF and lower uW frequencies, typically operate at 28V, 50V 
hundred watts @ 2GHz, low cost. Loband S_LD MOS>50 %efficiency 
« GaAs MESFET, higher mobility - higher frequencies, 200W @ 2GHz, 40W @ 20G Hz, 
Low breakdown voltage, typically operate from 5V to 10V. 
Depletion mode, require negative bias voltage, poor lineanity 
e Xband MESFETampswith 10 % BW up to 30% 
» GaAsHEMThigh ft up to 150 GHz, 15W at 12GHz PAE 50% 
LOOW atSband 


nr Transistors Technologies 


» PHEMTHigh efficiency up to 45GHz, and useful to 80G Hz, 
40W atLband 

» XBand PHEMTampscan exceed 40% PAE, 

Ka Band 20 %to max. 30 % 

e SIC MESFEThigh mobility and break-down voltage, double than Si 
LDMOS, Power densities ten times that of a GaAs MESFET, high therma!l 
conductivity. Typically operate at 48V, and power levels 10 to 60W up to 
2G Hz. 


e the costof Sic isten times that of S LDMOS 


RF Transistors Technologies 


» GaN HEMTsame asSIC even higher mobility and higher operational! 
frequencies, High breakdown voltage, low thermal resistance, 
8W at LOGHz with 30% efficiency. Soft compression, not for classA, but 
ideal for AB, E, F class. High cost. 

- HBT, SGe expenmental power amplifier HBT 200W at Lband 

« Wideband amps, low efficiency 2-18GHz 10 % 

° TWT60 % 


RF Transistors Technologies 


Class A amplifier, high quiescent current, 360 deg 
Conducting angle, highest gain, frequency and 
Linearity. Low efficiency, theoretical 50 % 


Class B amplifier, the quiescent drain current is 
Zero, but in praxis 10% of drain current. Ideal for push 
pull amps. Efficiency theoretical 78.5 % 


Class C gate is biased below threshold, transistor is 
active less than half cycle 150 deg. Linearity is lost 
for higher efficiency 85 % 


Class D generate square wave drain voltage waveform. 
Theoretical Eff 100%, suffer from Drain 
Capacitance, saturation. Up to L1KW at LF/ HF 


Class E operate as switch, no V/I overlapping 
KW HF amplifier with switching transistors. 
Drain capacitance and saturation. Eff 100% 


Class F voltage waveform half square form and 
Current sine wave. Inverse F class. Max. efficiency 
depends upon the number of harmonics 


Dollar per Watt 
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CRF 24060 


Dollar per Watt Chart for SIC, GaN and LDMOS 
Transistors 


a enenennnmmnnemncmnmnmnesss 


at 35 36 
input Power Pin [derm) 
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Pout and nadd vs Pin at 2140 fiHz 


150W GaAs FET push pull power amplifier 


# 


Fujitsu FLLL5OOUI 


Cree Sic CRF24060, drain efficiency 45% @ 1500M Hz, 
60W transistor pice $ 623 (RELL) 


ARF -266 23cm Amplifier (v7.1) 
(typical performance) 


pldb at @w in, 155 oul, 11 amps @ 27v 
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Amplifier with pairof absolete XRF-286, 
Gain 12dB 


Cree GaN 120W efficiency 70% at Psat, up to 
4G Hz, transistor pnce is $ 831 (RELL) 


Infineon PTIFL41501E 150W Efficiency 48%, 
Transistor pnce is $154 (RELL) 
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Freescale Semiconductor Document Number: MAFBYP41KH 


Technical Data Fie, 4, S/2009 

RF Power Field Effect Transistors 

N-Channel Enhancement-Mode Lateral MOSFETs MRE6VP41KHR6 
Designed primarily for pulsed wideband applications with frequencies up to MREF6VP41KHSR6 


500 MHz. Devices are unmatched and are suitable far use in industrial, 
medical and scentific applications. 


Po = 1000 Watts Peak (200 WW Avg), Pulse Width = 100 psec, TOGA CHER EE 

bey Cyl BROADBAND 
Power Gain — 20 dB | Sen’ 
Drain Efficiency — 64% AF POWER MOSFETs 


« Capable of Handing 10:1 VSVWA, @ 50 Vde, 450 MHz. 1000 Wate Peak 
Power 

Features 

* CW Operation Capability with Adequate Liquid Cooling 

« Qualified Up io a Maximum of 60 Yoo Operatiqn 

« Integrated ESO Protection 


« Excellent Thermal Stability CASE 3750-05, STYLE 1 

a Designed for Push-Pull Operation Ml. T1220 

« Greater Negalive Gate-Source Vollage Range for Improved Class Ct MARFSVP41 KHAG 
Operation 


* AHS Compliant . 
« In Tape and Reel. RG Suttx = 150 Unites per 56 mm, 13 inch Reel. 


MMi: 123905 
MAFEVP41IKHSRS 


PARTS ARE PUSH-PULL 


Vegas » 


Zi 

ae, aan 
a4" ao" 
2b, 2? 
26", 29" 
210, 211 
22, 213 


ju eos Toes Tear Tees Tens Tia -_ 
zis 


fi2] 216 Fb 220 fee 
iL __ 


{Cis | Cia | Cir | Cis 


Zig | 217 | 219 | Zt | 223 
2, ee ee Oe ee 
| 205 


5 b+ 


ra Weuepay 


T= Tose Too Tow [os Te 


a> 
n = a 


“Ten 


Te ‘Ter 


0.366" = 0.062" Microstrip £14", 215" 0.764" = 0. 150° Microsing 
O.170" « 0.700" Micrestrip 216, 217 0.290" % O40" Microstrip 
D220" * 0,451" Micrastrip 218, £19 0,100" = 0.430" Microstrip 
O.117" = 726" Microsinp 2e0, 221, 222, 2e3 0.080" = 0.420" Microstrip 
0.792" = 0.058" Microstrip 224 O.257" x O215° Microstrip 
O.306" 0.728" Micrcstirip PCE Arion Carvad 2500S% GS-55, OOS, a, = 2.55 


0.262" « 0.507" Microsirip 


* Lene length iecludes microstrip bends 


Figure 2. MAPGYP41KHARG(HSA6) Test Cireuit Schematic — 450 MHz 


CW Operation @ Ic =25deg.C 110/W 
Derate above 25deg.C, 4.6 W/deg. C 


NXP 2G Hz LDMOS 200W amplifier, test setup 


NXP BLL6H1214-500 1.2 to 1.4GHz amplifier 500W 
pulse mode, Efficiency 50%, 
Transistor price is $ 529 (NXP) 


Freescale LDMOS 2 x MRF6S9045NR1 23cm 
Amplifier, 17dB gain, Efficiency 53 %at Psat 125W. 
Pnce fortwo transistors are $ 50 (RELL). Transistors 


Idered on the cooper flanges. 


PCB 23cm amplifier 
layout 


Amplifier mount on the 
heat spreader, pallet size 
90 x56 X 16mm 
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MAXIMUM INPUT POWER 36 dBm 
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On full output power total current is between 7 and 8 amps @ 28V 


LD_MOS_AMPLIFIER_AD6IW 


CENTER 1 274.88 We A 14.488 Bee Ae 


Gain and retum loss. 1W dnive in, >40W out. 


Full power at 6-7 W dnve. 
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Amplifier prototype, compression test 


e442 ET, 


180 deg 


Sliding short circuit-ohase 
shifter Short 


VSWRmex 3:1 


VSWR Test circuit block diagram 


Ready madel125W 23cm amplifiers, scaled to Mitsubishi 
RA18H1213G 18W power module. 

Efficiency of Mitsubishi RF MOSFET module ts 28 %at 
Psat, and 20 %at 18W output power. 
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Thermal Management, 

*-LDMOS Bias temperature compensation, improves lineanty 

eHeat sink 

eThe pnmary purpose of a heat Sink isto maintain the device temperature below 
the maximum allowable temperature specified by the device manufacture. 
Heat sink requirements, forced convection 


(T, _MAX L case ) 


P DISS 


Thermal resistance Lory _3-case = 


T case HIC= 
Heat Transfer Compound 


die 162 die 3&4 


austria, ee be tian cae Ebi. we 


Steady state temperature distnbution of the BLF6213S1 in SOT539 and 
definition of references (one half symmetry). 

The device consists of four BLF62135S1 high voltage 6 dies. 

Courtesy of NXP 
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pulse time [s] 


—— 20% duty cycle 
—- 10% duty cycle 
5% duty cycle 
2% duty cycle 
1% duty cycle 


Simulated Thermal impedance at vanous pulse 
conditions Courtesy of NXP 


YWhHeEn a signal device 
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Power dissipation vs. Thermal resistance 


Thermal conductivity istemperature depended. The higher the 
temperature, the lower will be its value. 


Thermal conductivity (Kth) of 
ceramics and Semiconductors Heath Sink Requirements 
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Low themmal resistance 


Extruded, anodized or 
painted heat sink for forced 
convection cooling 

Heath sink, width to length, 
heath dissipation capability 
2:1.4 


RF Transistor flanges 


Requirements: 
Thermal and electnc conductivity, 
expansion factor 


Matenals: 

Copper, Tungsten/CopperW/Cu, 
Molyodenum/CopperMo/Cu, 
Mo/Cu/Mo 


Interface Pads, 
Indium foll, 
Copper foil, 
PGSand ITGON pad 


PGSisa crystalline graphite sheet 4mil (100 micron) thick, and 
TGON isan i i ala matenal 5 mil oa micron) thick 


Interface Material } Voltage Drop 
through interface 
Vv 


Pressure test bolted vs. clamped 
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Balanced Amplifier AB 
class 


RE_INP 


Branch coupler 


Push Pull Amplifier B 
class 


Balanced 


Amplifier AB 
class 


3dB Xinger 3dB Xinger 


100 © 
Wilkinson div. 


RF_OUTPUT 


Wilkinson div. 
100 


3dB Xinger 


3dB Xinger 


Parallel amplifiers 


Wilkinson Divider 


Balanced amplifier with 
Wilkinson dividers 


Wilkinson Divider 


Balanced 
Amplifier AB 


class 


3dB Xinger 


[3B Xinger 


Wilkinson div. 
100 


Wilkinson div. 


3dB Xinger 


100 
Wilkinson div. 


Wilkinson div. 


RF_OUTPUT 


3dB Xinger 3dB Xinger 


Wilkinson div. 


Wilkinson div. 


3dB Xinger 


| 3dB Xinger 


Wilkinson Divider prototype 


VSWR 

Rdiss = 25W 

Pout = 500W 

Rho = SQRT Rdiss / Pout 
VSWR = rho + 1/ rho- 1 
VSWRmax = 1.6 


Power resistor dissipation 

Max VSWR 3:1 

Rho = VSWR - 1/ VSWR +1 
Rho = 0.5 

Rdiss = rho square x Pout 
Rdiss = 125W 


RL = -20 log rho 
RL = 6.02 dB 


Isolation S23 
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Wilkinson Divider for 23cm 


Wilkinson Divider for 23cm, Isolation $23 


PT 


P2-P3 > 25dB 
P4-P5 > 25dB 

P2, P3 - P4, P5 > 50dB 
PT fo P2, P3, P4, PS LLL. 
phase difference +/-0.5 degree 
insertion floss « 7 dB Cee 
IRL > -25 dB 


Four port Wilkinson Divider for 23 cm on Rogerss 31 mils (0.78mm) 
R4003 substrate. 
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23 CM Amplifier 250W, dive LOW 


23 CM, 300W Amplifier prototype. 
Used in EME operations with J amesburg 30 Meters Dish 
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23 CM Amplifier 350 W 


23 CM, 500W Amplifier, improved powerand efficiency 
with 6th generation of LDMOS 
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23CM High Gain Power Amplifier with transverter, 
LW-in, 500W out 
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